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(57) ABSTRACT

A sensor device includes an IC chip, a package which
includes a base in which the IC chip is provided and houses
the IC chip, the base having a through hole provided in a
position that overlaps with the IC chip in the plan view, and a
spacer which is provided between the IC chip and the base,
and has an aperture communicating the through hole with the
space on the opposite side to the base with respect to the IC
chip in the package between the IC chip and the space.

11 Claims, 9 Drawing Sheets
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1
ELECTRONIC DEVICE AND ELECTRONIC
APPARATUS

BACKGROUND

1. Technical Field

The present invention relates to an electronic device and an
electronic apparatus.

2. Related Art

As an electronic device which houses a mounting compo-
nent in a package, for example, a piezoelectric device (sensor
device) described in Pamphlet of International Publication
WO. 2006/043713 has been known.

The piezoelectric device described in Pamphlet of Interna-
tional Publication WO. 2006/043713 includes a piezoelectric
vibration piece, an IC (Integrated Circuit) chip, and a package
which houses the piezoelectric vibration piece and the IC
chip.

The package of the piezoelectric device has a package base
having a concave portion and a lid which covers an opening of
the concave portion of the package base and bonded to the
package base.

Then, a sealing hole penetrating through the inner and
outer surfaces is formed in the package base. The sealing hole
is disposed shifted with respect to the installation area of the
IC chip in order for the opening thereof not to be covered with
the IC chip. Accordingly, after the piezoelectric vibration
piece and the IC chip are housed in the package and the
package base and the lid are bonded, it is possible to make the
package have a reduced pressure state by blocking the sealing
hole with the sealing material made of metal such as Au—Ge
alloy under the reduced pressure.

However, in the piezoelectric device, since the sealing hole
is provided in a position that does not overlap with the IC chip
in a plan view, there is a problem that the size of the package
increases. Further, since it is necessary to provide the sealing
hole in a position which is significantly shifted with respect to
the center of the package base, there is a problem that it results
in a decrease in the mechanical strength of the package.

SUMMARY

An advantage of some aspects of the invention is to provide
an electronic device and an electronic apparatus which can
suppress a decrease in the mechanical strength of a package
due to a through hole for reducing the pressure within the
package or filling the package with an inert gas, and intend the
miniaturization.

The invention can be implemented as the following forms
or application examples.

APPLICATION EXAMPLE 1

This application example is directed to an electronic device
including: a mounting component; a package which includes
a base in which the mounting component is provided and
houses the mounting component, the base having a through
hole provided in a position that overlaps with the mounting
component in a plan view; and a spacer which is provided
between the mounting component and the base, and which
communicates the through hole with a housing space in
which the mounting component is housed.

With this configuration, in a state where the mounting
component is provided in the base of the package, it is pos-
sible to reduce the pressure within the package or to fill the
package with the inert gas through the through hole.
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Particularly, since the through hole is formed in a position
that overlaps with the mounting component in the plan view,
it is possible to intend the miniaturization of the package and
the miniaturization of the electronic device.

Further, since it is possible to provide the through hole on
a central part side of the base, it is possible to suppress the
decrease in a mechanical strength of the package due to the
through hole.

APPLICATION EXAMPLE 2

In the electronic device according to the application
example, it is preferable that the spacer has a plurality of
projection portions that are provided at an interval in a cir-
cumferential direction of the through hole in the plan view of
the base.

With this configuration, the distance between the mounting
component and the base is restricted depending on the height
of the plurality of projection portions, and an aperture is
formed between two adjacent projection portions in the cir-
cumferential direction. Accordingly, the aperture can be
formed which communicates the through hole with a space on
a side opposite to the base with respect to the mounting
component in the package, between the mounting component
and the base.

APPLICATION EXAMPLE 3

In the electronic device according to the application
example, it is preferable that at least one of the plurality of
projection portions is configured of a metal layer that is pro-
vided in the base, and the mounting component is bonded to
the at least one of the plurality of projection portions through
an adhesive agent.

The projection portion configured of the metal layer can be
simply and very accurately formed using a known deposition
method. Further, it is possible to simply and strongly bond the
mounting component and the projection portion by an adhe-
sive agent.

APPLICATION EXAMPLE 4

In the electronic device according to the application
example, it is preferable that the electronic device further
includes a wall portion which is provided between the mount-
ing component and the base, and is disposed between the
spacer and the through hole in the plan view of the base.

With this configuration, it is possible to prevent the adhe-
sive agent supplied to the spacer from flowing into the
through hole using the wall portion.

APPLICATION EXAMPLE 5

In the electronic device according to the application
example, it is preferable that the wall portion is lower than the
height of the spacer.

With this configuration, it is possible to form an aperture
which communicates the through hole with a space on the
opposite side to the base with respect to the mounting com-
ponent in the package between the mounting component and
the base, and to prevent the adhesive agent supplied to the
spacer from flowing into the through hole using the wall
portion.

APPLICATION EXAMPLE 6

In the electronic device according to the application
example, it is preferable that the wall portion has a plurality of
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wall bodies that are provided at an interval in a circumferen-
tial direction of the through hole in the plan view of the base.

With this configuration, it is possible to form an aperture
which communicates the through hole with a space on the
opposite side to the base with respect to the mounting com-
ponent in the package between the mounting component and
the base, and to prevent the adhesive agent supplied to each
projection portion from flowing into the through hole by the
plurality of wall bodies.

APPLICATION EXAMPLE 7

In the electronic device according to the application
example, it is preferable that the plurality of wall bodies
include a first wall portion that is configured of a plurality of
wall bodies that are provided at an interval in a circumferen-
tial direction of the through hole in the plan view of the base,
and a second wall portion that is configured of a plurality of
wall bodies that are provided inside the first wall portion and
provided at an interval in a circumferential direction of the
through hole in the plan view of the base, and at least one of
the wall bodies of the first wall portion and the wall bodies of
the second wall portion are disposed in a radius direction
centered on the through hole in the plan view of the base.

With this configuration, it is possible to elongate the length
of a path to which the adhesive agent flows. Therefore, it is
possible to more surely prevent the adhesive agent supplied to
each projection portion from flowing into the through hole by
the first wall portion and the second wall portion.

APPLICATION EXAMPLE 8

In the electronic device according to the application
example, it is preferable that the mounting component is an
IC chip.

Recently, whereas the IC chip tends to increase in size
according to the multi-functions and the like, there is a
demand for miniaturization of electronic devices. Therefore,
in a case where the mounting component is the IC chip, the
effect obtained by applying an embodiment of the invention
becomes remarkable.

APPLICATION EXAMPLE 9

In the electronic device according to the application
example, itis preferable that in the IC chip, a surface on a side
opposite to an active surface is fixed to the base with the
spacer interposed therebetween.

With this configuration, it is possible to prevent splashes
from adversely affecting the active surface of the IC chip
when the through hole is sealed with the sealing material.

APPLICATION EXAMPLE 10

In the electronic device according to the application
example, it is preferable that the electronic device further
includes a sensor element which is housed in the package, and
the IC chip has a function of driving the sensor element.

In general, the package which houses the sensor element is
in a state where the pressure is reduced or the inert gas is
filled. Accordingly, the effect obtained by applying an
embodiment of the invention becomes remarkable. Further,
since the through hole is formed in a position that overlaps
with the mounting component (IC chip) in the plan view, it is
possible to prevent splashes from adversely affecting the
sensor element when the through hole is sealed with the
sealing material. Furthermore, since the through hole is pro-
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vided on the central part side of the base of the package, it is
possible to reduce the stress generated in the package, and
thus the sensor element is made to have excellent detection
sensitivity.

APPLICATION EXAMPLE 11

In the electronic device according to the application
example, it is preferable that the electronic device has an
annular wall body which encloses an entire circumference
around the through hole in the plan view of the base.

With this configuration, it is possible to prevent the adhe-
sive agent supplied to the spacer from flowing into the
through hole by the annular wall body.

APPLICATION EXAMPLE 12

This application Example is directed to an electronic appa-
ratus including the electronic device according to the appli-
cation example.

Inthis case, it is possible to provide an electronic apparatus
having an excellent reliability.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

FIG. 1 is a cross-sectional view illustrating a schematic
configuration of a sensor device (electronic device) relating to
a first embodiment of the invention.

FIG. 2 is a plan view illustrating a sensor element of the
sensor device shown in FIG. 1.

FIG. 3 is a plan view illustrating an IC chip (mounting
component) of the sensor device shown in FIG. 1.

FIG. 4 is a plan view illustrating a base of a package of the
sensor device shown in FIG. 1.

FIG. 5 is a plan view illustrating a base of a package of a
sensor device (electronic device) relating to a second embodi-
ment of the invention.

FIG. 6 is a cross-sectional view illustrating a schematic
configuration of a sensor device (electronic device) relating to
a third embodiment of the invention.

FIG. 7 is a perspective view illustrating a configuration of
a mobile type (or notebook type) personal computer to which
an electronic apparatus of an embodiment of the invention is
applied.

FIG. 8 is a perspective view illustrating a configuration of
amobile phone (including PHS) to which the electronic appa-
ratus of an embodiment of the invention is applied.

FIG. 9 is a perspective view illustrating a configuration of
a digital still camera to which the electronic apparatus of an
embodiment of the invention is applied.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Hereinafter, an electronic device and an electronic appara-
tus of the invention will be described in detail based on the
embodiments shown in appended drawings. Further, herein-
after, a case where the electronic device of the invention is
applied to a sensor device is described as an example, but
without being limited thereto, the invention can be applied to
various electronic devices which each houses a mounting
component in a package.
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Electronic Device
First Embodiment

At first, a description of the first embodiment of the elec-
tronic device of the invention will be given.

FIG. 1 is a cross-sectional view illustrating a schematic
configuration of a sensor device (electronic device) relating to
the first embodiment of the invention, FIG. 2 is a plan view
illustrating a sensor element of the sensor device shown in
FIG. 1, FIG. 3 is a plan view illustrating an IC chip (mounting
component) of the sensor device shown in FIG. 1, and FIG. 4
is a plan view illustrating a base of a package of the sensor
device shown in FIG. 1.

Further, hereinafter, for convenience of explanation, in
FIGS. 1 to 4, x axis, y axis and z axis are shown as three axes
that are orthogonal to each other, and the leading end sides of
the illustrated arrows are set to “+ side”, the proximal end
sides of the arrows are set to “— side.” Hereinafter, the direc-
tion parallel to x axis is referred to as “x axis direction”, the
direction parallel to y axis is referred to as “y axis direction”,
and the direction parallel to z axis is referred to as “z axis
direction”, in addition, +z side (the upper side in FIG. 1) is
referred to as “up”, and -z side (the lower side in FIG. 1) is
referred to as “down”.

The sensor device 1 (electronic device) shown in FIG. 1
and FIG. 2 is a gyro sensor which detects an angular velocity.
The sensor device 1 has a sensor element 2, an IC chip 3
(mounting component) and a package 4 which houses the
sensor element 2 and the IC chip 3.

Sensor Element

The sensor element 2 is an “out-of-plane detection type”
sensor element (vibration piece) which detects the angular
velocity around the z axis. As shown in FIG. 2, the sensor
element 2 includes a vibrating body 20 having a plurality of
vibrating arms, a plurality of excitation electrodes (not
shown) provided on the surface of the vibrating body 20, a
plurality of detection electrodes (not shown) and a plurality of
terminals 29.

Hereinafter, each of portions constituting the sensor device
2 will be sequentially described.

Vibration Piece

First, the vibrating body 20 will be described.

The vibrating body 20 has a structure called as a double T
type.

To more specific, the vibrating body 20 has a base portion
21, two detection vibrating arms (second vibrating arms) 23
and 24 extended from the base portion 21 and four drive
vibrating arms (first vibrating arms) 25 to 28.

The base portion 21 includes a main body portion 211, and
a pair of connecting arms 212 and 213 extended to the sides
opposite to each other along the x axis direction from the main
body portion 211.

The detection vibrating arms 23 and 24 are extended to the
direction opposite to each other along the y axis direction
from the main body portion 211 of the base portion 21.

The drive vibrating arms 25 and 26 are extended to the
direction opposite to each other along the y axis direction
from the leading end portion of the connecting arm 212 of the
base portion 21.

The drive vibrating arms 27 and 28 are extended to the
directions opposite to each other along the y axis direction
from the leading end portion of the connecting arm 213 of the
base portion 21.
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The vibrating body 20 is made of piezoelectric material,
and without being illustrated, in the detection vibrating arms
23 and 24, there are provided a plurality of detection elec-
trodes (detection signal electrode and detection ground elec-
trode) which detect charges generated according to the flex-
ural vibration of the detection vibrating arms 23 and 24. In
addition, in the drive vibrating arms 25 to 28, there are pro-
vided a plurality of excitation electrodes (drive signal elec-
trode and drive ground electrode) which respectively cause
the drive vibrating arms 25 to 28 to be flexurally vibrated by
energization.

Examples of the piezoelectric material include quartz crys-
tal, lithium tantalate, lithium niobate, lithium borate, barium
titanate, and the like. In particular, it is preferable that piezo-
electric material constituting the vibrating body 20 is quartz
crystal (X-cut plate, AT-cut plate, Z-cut plate, etc.). If the
vibrating body 20 is made of crystal, the vibration character-
istic (in particular, frequency temperature characteristic) of
the vibrating body 20 can be excellent. Moreover, it is pos-
sible to form the vibration body 20 with high dimensional
accuracy by etching.

Further, the vibrating body 20 may be made of non-piezo-
electric material such as silicon, quartz, and the like. In this
case, the piezoelectric elements which detect charges gener-
ated according to the flexural vibration of the detection vibrat-
ing arms 23 and 24 may be respectively provided in the
detection vibrating arms 23 and 24, and the piezoelectric
elements which cause the drive vibrating arms 25 to 28 to be
flexurally vibrated by energization may be respectively pro-
vided in the drive vibrating arm 25 to 28.

Terminal

A plurality of terminals 29 are provided on the main body
portion 211 of the aforementioned base portion 21.

In the embodiment, six terminals 29 are provided on the
main body portion 211. Without being illustrated, but two
terminals 29 out of the six terminals 29 are electrically con-
nected to a plurality of excitation electrodes of each of the
drive vibrating arms 25 to 28 through wirings on the vibrating
body 20. Further, among four remaining terminals 29, two
terminals 29 are electrically connected to a plurality of detec-
tion electrodes of the detection vibrating arm 23 through
wirings on the vibrating body 20, and the other two terminals
29 are electrically connected to a plurality of detection elec-
trodes of the detection vibrating arm 24 through wirings on
the vibrating body 20.

Further, each terminal 29 and wiring (not shown) and the
like can be made of metal material such as, for example, gold
(Au), gold alloy, platinum (Pt), aluminum (Al), aluminum
alloy, silver (Ag), silver alloy, chromium (Cr), chrome alloy,
copper (Cu), molybdenum (Mo), niobium (Nb), tungsten
(W), iron (Fe), titanium (T1), cobalt (Co), zinc (Zn), zirco-
nium (Zr), and transparent electrode material such as ITO and
ZnO. Further, the terminal and the wiring can be integrally
formed with the detection electrode and the excitation elec-
trode at the same time.

The sensor element 2 configured in this manner detects the
angular velocity o around z axis as follows.

Firstly, the drive signal is applied to the excitation electrode
(drive signal electrode), whereby the drive vibrating arm 25
and the drive vibrating arm 27 are caused to perform flexural
vibration (drive vibration) in order to move toward or away
from each other, and the drive vibrating arms 26 and the drive
vibrating arms 28 are caused to perform flexural vibration
(drive vibration) in order to move toward or away from each
other in the same direction as the above flexural vibration.
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In this case, if the angular velocity is not applied to the
sensor element 2, since the drive vibrating arms 25 and 26 and
the drive vibrating arms 27 and 28 perform a plane symmetric
vibration with respect to the yz plane passing through the
center point (center of gravity), the proximal portion 21 (main
body portion 211 and connecting arms 212 and 213), and the
detection vibrating arms 23 and 24 almost do not vibrate.

In this manner, in a state where the drive vibrating arms 25
to 28 are caused to drive and vibrate, if the angular velocity o
around the normal line passing through the center of gravity is
applied to the sensor element 2, Coriolis force acts on each of
the drive vibrating arms 25 to 28. Thus, the connecting arms
212 and 213 are caused to flexurally vibrate, and then the
flexural vibration (detection vibration) of the detection
vibrating arms 23 and 24 is excited in order to cancel the
above flexural vibration.

Then, the charges generated due to the flexural vibrations
of'the detection vibrating arms 23 and 24 are output from the
detection electrode (detection signal electrode).

In this manner, it is possible to obtain the angular velocity
 applied to the sensor element 2 based on the charges that are
output from the detection electrode.

A plurality of terminals 29 of the sensor element 2, each is
electrically connected to the wiring 92 of the supporting
member 9 shown in FIG. 1 through a conductive bump 83
shown in FIG. 1. Then, the sensor element 2 is fixed and
supported in the package 4 through the supporting member 9.

IC Chip

The IC chip 3 shown in FIG. 1 and FIG. 3 is an electronic
component (mounting component) having a function of driv-
ing the aforementioned sensor element 2 and a function of
detecting the output (sensor output) from the sensor element
2.

Without being illustrated, the IC chip 3 includes a driving
circuit which drives the sensor element 2 and a detection
circuit which detects an output (charges) from the sensor
element 2. The driving circuit and the detection circuit are
provided in the active surface 32 (upper surface) of the IC
chip 3.

The active surface 32 (upper surface) of the IC chip 3has a
plurality of connection terminals 31 provided therein.

Package

The package 4 houses the sensor element 2 and the IC chip
3.

As shown in FIG. 1, the package 4 includes a base 41
having a concave portion 411 that is open toward the upper
surface, and a lid 42 (cap) bonded to the base 41 so as to cover
the opening of the concave portion 411 of the base 41. The
package 4 has a housing space S inside thereof, and the sensor
element 2 and the IC chip 3 are hermetically housed and
provided inside the housing space S.

Inthe embodiment, in the plan view, the base 41 is disposed
such that the sensor element 2 and the IC chip 3 overlap. That
is, in a state where the sensor element 2 and the IC chip 3 are
aligned in the 7 axis direction, the sensor element 2 and the IC
chip 3 are housed in the package 4.

In a case where the sensor element 2 and the IC chip 3 are
disposed in this manner, it is possible to reduce the size of the
package 4 in the x-axis direction and the y-axis direction,
thereby downsizing the sensor device 1.

Further, the sensor element 2 is provided on the opposite
side to the base 41 with respect to the IC chip 3. Accordingly,
when the through hole 414 described later is sealed with a
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sealing material 43, it is possible to prevent splashes from
adversely affecting the sensor element 2.

The side surface of the concave portion 411 of the base 41
is formed in a stepwise manner.

For example, the base 41 is configured by laminating a first
plate-shaped substrate, a second frame-shaped substrate, and
a third frame-shaped substrate having an opening larger than
the opening of the second substrate in this order.

As configuration material of the base 41, without being
particularly limited, it is possible to use, for example, various
ceramics such as aluminum oxide.

Further, a through hole 414 is provided in the base 41,
which is used in reducing the pressure within the housing
space or filling the housing space with the inert gas. The
through hole 414 is sealed with the sealing material 415.

For example, in a case of reducing the pressure within the
housing space S, firstly, the air inside the housing space S is
eliminated through the through hole 414 before being sealed
with the sealing material 415, and then while keeping the
state, the metal ball as the sealing material 415 is placed inside
the through hole 414 and melted by laser, whereby the sealing
material 415 is formed and the through hole 414 is sealed.

The through hole 414 is provided in a position that overlaps
with the IC chip 3 in a plan view.

In particular, the through hole 414 penetrates through the
base 41 in the thickness direction in order to open toward the
lower surface 412 of the concave portion 411. Then, the IC
chip 3 is provided in the lower surface 412 of the concave
portion 411 of the base 41 with the spacer 5 interposed ther-
ebetween.

The spacer 5 is provided between the IC chip 3 and the base
41. Then, in the spacer 5, an aperture S1 is formed which
communicates the through hole 414 with the space on the side
opposed to the base 41 with respect to the IC chip inside the
package 4 between the IC chip 3 and the base 41.

Accordingly, in a state where the IC chip 3 is provided in
the base 41 of the package 4, since the through hole 414 is
communicated with the housing space S, it is possible to
reduce the pressure within the package 4 or to fill the package
4 with the inert gas through the through hole 414.

Particularly, the through hole 414 is formed in a position
that overlaps with the IC chip 3 in the plan view, so that it is
possible to intend the miniaturization of the package 4 and the
miniaturization of the sensor device 1.

Further, the through hole 414 can be provided in the central
part side of the base 41, thus it is possible to suppress a
decrease in the mechanical strength of the package 4 due to
the through hole 414.

Recently, whereas the IC chip tends to increase in size
according to the multi-functions and the like, there is a
demand for miniaturization of electronic devices. Therefore,
as described above, in a case where the through hole 414 is
formed in a position that overlaps with the IC chip 3 in the
plan view, the effect obtained by applying the invention (ef-
fect obtained by forming the aperture S1 by the spacer 5)
becomes remarkable.

Further, in the embodiment, a surface (a rear surface 33) on
the opposite side to the active surface 32 of the IC chip 3 is
fixed to the base 41 with the spacer 5 interposed therebe-
tween. This enables to prevent splashes from adversely
affecting the active surface 32 of the IC chip 3 when the
through hole 414 is sealed with the sealing material 415.

Further, in general, in the package which houses the sensor
element, it is possible to make the inside of the package the
pressure reduced state or the inert gas filled state. Therefore,
in the sensor device 1, the effect obtained by applying the
invention becomes remarkable. Further, since through hole
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414 is formed in a position that overlaps with the IC chip 3 in
a plan view, it is possible to prevent splashes from adversely
affecting the sensor element 2 when the through hole 414 is
sealed with the sealing material 415. Moreover, the through
hole 414 is formed in the central part of the base 41 of the
package 4, it is possible to reduce the stress generated in the
package 4, and thus the sensor element 2 is made to have
excellent detection sensitivity.

If a more detailed description of the spacer 5 is given, in the
plan view of the base 41, the spacer 5 has a plurality of
projection portions 51 that are provided and aligned at an
interval in a circumferential direction of the through hole 414.
Accordingly, a distance between the IC chip 3 and the base 41
is restricted depending on the heights of the plurality of pro-
jection portions 51, and an aperture is formed between two
adjacent projection portions 51 in the circumferential direc-
tion. Therefore, it is possible to form an aperture S1 which
communicates the through hole 414 with the space on the
opposite side to the base 41 with respect to the IC chip 3 in the
package 4 between the IC chip 3 and the base 41.

Each projection portion 51 is configured of a metal layer
formed in the base 41. Then, the IC chip 3 is bonded to each
projection portion 51 through an adhesive agent 52.

Each projection portion 51 that is configured of the metal
layer can be formed simply and accurately using a known
deposition method. Further, the IC chip 3 and each projection
portion 51 can be simply and strongly bonded by the adhesive
agent 52.

As configuration materials of each projection portion 51,
without being specially limited, it is possible to use various
metal materials, but it is preferable to use the same material as
the internal terminals 71 and 72. This enables to integrally
form the plurality of projection portions 51 and the internal
terminals 71 and 72.

Further, the thickness (height) of each projection portion
51 is different depending on the viscosity, the usage, the used
place and the like of the used adhesive agent 52, without being
particularly limited, and is preferably, for example, 0.01 mm
or more and 0.1 mm or less.

The adhesive agent 52 is configured of including, for
example, an epoxy resin, an acrylic resin, and the like.

Further, the wall portion 6 is provided in the vicinity of the
through hole 414 in the lower surface 412.

The wall portion 6 is provided between the IC chip 3 and
the base 41. Then in the plan view of the base 41, the wall
portion 6 is placed between a plurality of projection portions
51 and the through hole 414. Accordingly, when each projec-
tion portion 51 and the IC chip 3 are bonded through the
adhesive agent 52, it is possible to prevent the adhesive agent
52 supplied to each projection portion 51 from flowing into
the through hole 414 using the wall portion 6.

Further, the wall portion 6 is formed lower than the height
of'each projection portion 51, and in the plan view of the base
41, the wall portion 6 is configured of an annular wall body 61
that is formed by enclosing the entire circumference around
the through hole 414.

Accordingly, it is possible to form an aperture S1 between
the IC chip 3 and the base 41, which communicates the
through hole 414 with the space on the opposite side to the
base 41 with respect to the IC chip 3 in the package 4, and to
prevent the adhesive agent 52 supplied to each projection
portion 51 from flowing into the through hole 414 by the
annular wall body 61.

The thickness (height) of the annular wall body 61 is thin-
ner (lower) than the thickness (height) of each projection
portion 51, but it is preferable that the thickness (height) of the
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annular wall body 61 be about Y5 to %3 with respect to the
thickness of each projection portion 51.

In addition, the annular wall body 61 is configured of a
metal layer.

As configuration material of the annular wall body 61,
without being specially limited, various metal materials can
be used, but the annular wall body 61 can be configured of the
same material as the internal terminals 71 and 72 described
later. This enables to integrally form the annular wall body 61
and the internal terminals 71 and 72.

Further, a plurality of internal terminals 71 and a plurality
of internal terminals 72 are provided in the step portion 413
that is formed in the side surface of the concave portion 411.
Then, a sensor element 2 is provided in the step portion 413
through the plurality of internal terminals 71 and the support-
ing member 9.

As shown in FIG. 1, the supporting member 9 is fixed in the
plurality of internal terminals 71 through a conductive fixing
member 81 that is configured of a solder, a silver paste, a
conductive adhesive agent (adhesive agent having conductive
filler such as metal particles dispersed in resin material), and
the like.

The supporting member 9 has a function of supporting the
sensor element 2, and electrically connecting the sensor ele-
ment 2 with the plurality of internal terminals 71.

The supporting member 9 is configured of so-called a TAB
tape having an insulation film 91 and a plurality of wirings 92
that are bonded on the film 91.

The film 91 is configured of resin material, for example,
polyimide, and the like. Further, each wiring 92 is configured
of, for example, metal material such as copper.

A device hole 911 is formed in the central part of the film
91, and each wiring 92 is extended from the above of the film
91 toward the device hole 911 side, and the extended part is
bended to the film 91 side (opposite side to the IC chip 3).

The plurality of wirings 92 are provided corresponding to
the plurality of terminals 29 and the plurality of internal
terminals 71 of the aforementioned sensor element 2. Then,
the proximal end portion of each wiring 92 is bonded with
respect to the corresponding internal terminal 71 through the
conductive fixing member 81. Further, the leading end por-
tion of each wiring 92 is bonded with respect to the corre-
sponding terminal 29 through the bump 83. In this manner,
each terminal 29 of the sensor element 2 is electrically con-
nected to the internal terminal 71 through the corresponding
bump 83, wiring 92 and conductive fixing member 81, and the
sensor element 2 is supported in the base 41 through the
supporting member 9.

The plurality of internal terminals 71 are electrically con-
nected to the plurality of internal terminals 72 through wiring,
not shown.

A plurality of connection terminals 31 of the aforemen-
tioned IC chip 3 are electrically connected respectively to the
plurality of internal terminals 72 through the wiring 82 con-
figured of, for example, bonding wire.

Further, a plurality of external terminals 73 are provided in
the lower surface of the base 41 (the lower surface of the
package 4) to be used when the sensor device 1 is mounted on
an apparatus (external apparatus) in which the sensor device
1 is incorporated.

The plurality of external terminals 73 are electrically con-
nected to the aforementioned internal terminal 72 through an
internal wiring, not shown.

The internal terminals 71, 72, and the like are made of a
metal film in which a coating such as nickel (Ni) and gold
(Au) is laminated to a metallization layer such as tungsten
(W) by plating, and the like.
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The lid 42 is hermetically bonded to the base 41. Thus, the
inside of the package 4 is hermetically sealed.

The 1id 42 is made of, for example, the same material as the
base 41, or, metal such as kovar, 42 alloy and stainless steel.

As abonding method of the base 41 and the 1id 42, without
being specially limited, for example, a bonding method by an
adhesive agent configured of brazing filler metal, curing
resin, and the like, and a welding method such as a seam
welding, a laser welding, and the like can be used.

According to the sensor device 1 relating to the first
embodiment described hitherto, in the spacer 5, the aperture
S1 is formed between the IC chip 3 and the base 41, which
communicates the through hole 414 with the space on the
opposite side to the base 41 with respect to the IC chip in the
package 4, so that in a state where the IC chip 3 is provided in
the base 41 of the package 4, it is possible to reduce the
pressure within the package 4 or to fill the package 4 with the
inert gas through the through hole 414.

Particularly, since the through hole 414 is provided in a
position that overlaps with the IC chip 3 in the plan view, the
miniaturization of the package 4, and the miniaturization of
the sensor device 1 can be intended.

Further, since the through hole 414 can be provided in the
central part side of the base 41, it is possible to suppress a
decrease in the mechanical strength of the package 4 due to
the through hole 414.

Second Embodiment

Next, a description of a second embodiment of the elec-
tronic device of the invention will be given.

FIG. 5 is a plan view illustrating a base of a package of a
sensor device (electronic device) relating to the second
embodiment of the invention.

Hereinafter, the electronic device of the second embodi-
ment will be described focusing on differences from the
embodiment described above, and the description of the same
matters will be omitted.

The electronic device relating to the second embodiment of
the invention has the same configuration as the aforemen-
tioned first embodiment except for a different configurations
of the spacer and the wall portion that are provided between
the base of the package and the mounting component. Fur-
ther, the same configurations as the aforementioned first
embodiment are denoted by the same reference numerals.

As shown in FIG. 5, the sensor device (electronic device) of
the embodiment has a spacer SA and a wall portion 6A.

The spacer 5A is provided between the IC chip 3 and the
base 41. The spacer 5A has a plurality of projection portions
51A that are provided and aligned at an interval in the cir-
cumferential direction of the through hole 414 in the plan
view of the base 41. Then, the IC chip 3 is bonded to each
projection portion 51A through an adhesive agent 52A.

In the spacer 5A, the aperture is formed between the IC
chip 3 and the base 41, which communicates the through hole
414 with the space on the opposite side to the base 41 with
respect to the IC chip in the package 4.

The wall portion 6 A includes an annular wall body 61 and
a plurality of wall bodies 62 and 63 that are formed and
aligned at an interval in the circumferential direction of the
through hole 414 in the plan view of the base 41. Accordingly,
itis possible to form an aperture S1 between the IC chip 3 and
the base 41, which communicates the through hole 414 with
the space on the opposite side to the base 41 with respect to the
IC chip 3 in the package 4, and to prevent the adhesive agent
52A supplied to each projection portion 51A from flowing
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into the through hole 414 using the annular wall body 61 and
the plurality of wall bodies 62 and 63.

The plurality of wall bodies 62 (first wall portion) are
provided and aligned in a circumferential direction of the
through hole 414 in the plan view of the base 41, and the
plurality of wall bodies 63 (second wall portion) are provided
inside the plurality of wall bodies 62 and provided and
aligned at an interval in a circumferential direction of the
through hole 414 in the plan view of the base 41.

Then, the plurality of wall bodies 62 and the plurality of
wall bodies 63 are disposed such that the aperture between
two adjacent wall bodies 62 in a circumferential direction and
the aperture between two wall bodies 63 that are adjacent with
each other in a circumferential direction do not overlap in the
circumferential direction. That is in the plan view of the base
41, the wall body on at least one of the wall bodies 62 and the
wall bodies 63 is disposed in aradius direction centered on the
through hole 414.

By disposing the plurality of wall bodies 62 and 63 in this
manner, it is possible to elongate the length of a path to which
the adhesive agent 52 A flows. Therefore, itis possible to more
surely prevent the adhesive agent 52A supplied to the projec-
tion portion 51A from flowing into the through hole 414 by
the plurality of wall bodies 62 and 63.

It is preferable that the thicknesses (heights) of each wall
bodies 62 and 63 be the same as or slightly thicker (higher)
than the thicknesses (heights) of each projection portion 51A.
This enables to suppress the distance between the IC chip 3
and the base 41 by the plurality of wall bodies 62 and 63.
Therefore, when the projection portion 51 A and the IC chip 3
are bonded by the adhesive agent 52A, it is possible to sup-
press the amount of the adhesive agent 52A flowing into the
through hole 414 side.

Further, each of the wall bodies 62 and 63 is configured of
a metal layer.

As configuration materials of each of the wall bodies 62
and 63, without being specially limited, it is possible to use
various metal materials, but it is preferable to use the same
material as the internal terminals 71 and 72. This enables to
integrally form the wall bodies 62 and 63 and the internal
terminals 71 and 72.

Even in the sensor device of the second embodiment, it is
possible to suppress a decrease in the mechanical strength of
the package due to the through hole for reducing the pressure
within the package or filling the package with the inert gas,
and to intend the miniaturization.

Third Embodiment

Next, a description of a third embodiment of the electronic
device of the invention will be given.

FIG. 6 is a cross-sectional view illustrating a schematic
configuration of a sensor device (electronic device) relating to
the third embodiment of the invention.

Hereinafter, the electronic device of the third embodiment
will be described focusing on differences from the embodi-
ment described above, and the description of the same matters
will be omitted.

The electronic device relating to the third embodiment of
the invention has the same configuration as the aforemen-
tioned first embodiment except for a configuration of the
package in accordance with the face-down mounting of
mount components, and a different configuration of the
spacer that is provided between the base of the package and
the mounting component. Further, the same configurations as
the aforementioned first embodiment are denoted by the same
reference numerals.
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The sensor device (electronic device) 1B of the embodi-
ment has, as shown in FIG. 6, the package 4B which houses
the sensor element 2 and the IC chip 3.

The package 4B includes a base 41B having a concave
portion 411 that is open toward the upper surface, and a lid 42
(cap) bonded to the base 41B so as to cover the opening of the
concave portion 411 of the base 41B.

The through hole 414 that is used when reducing the pres-
sure within the package 4B or filling the inside of the package
4B with the inert gas is formed in the base 41B.

Further, IC chip 3 is placed on the lower surface 412 of the
concave portion 411 of the base 41B with the spacer 5B
interposed therebetween. In the spacer 5B, an aperture is
formed between the IC chip 3 and the base 41, which com-
municates the through hole 414 with the space on the opposite
side to the base 41 with respect to the IC chip in the package
4.

In the embodiment, the active surface of the IC chip 3 is
fixed to the base 41 with the spacer 5B interposed therebe-
tween.

The spacer 5B has a plurality of internal terminals 51B and
a plurality of bumps 52B.

The plurality of internal terminals 51B are provided spaced
from each other corresponding to a plurality of connection
terminals of the IC chip 3. Then, each internal terminal 51B is
electrically connected to the connection terminal of the cor-
responding IC chip 3 through the bump 52B.

A part of the plurality of internal terminals 51B is electri-
cally connected to the plurality of internal terminals 71
through wiring, not shown, a remaining part is electrically
connected to the plurality of external terminals 73.

Even in the sensor device 1B of the third embodiment
described hitherto, it is possible to suppress a decrease in the
mechanical strength of the package due to the through hole
for reducing the pressure within the package or filling the
package with the inert gas, and to intend the miniaturization.

Electronic Apparatus

The sensor device (electronic device) described hitherto is
incorporated to various electronic apparatuses, and thus it is
possible to provide an electronic apparatus excellent in reli-
ability.

Hereinafter, an example of an electronic apparatus includ-
ing the electronic device of the invention will be described in
detail based on FIGS. 7 t0 9.

FIG. 7 is a perspective view illustrating a configuration of
a mobile type (or a notebook type) personal computer to
which the electronic apparatus of the invention is applied.

In this figure, the personal computer 1100 includes a main
body portion 1104 having a keyboard 1102 and a display unit
1106 having a display section 100, and the display unit 1106
is rotatably supported to the main body portion 1104 via a
hinge structure portion.

The aforementioned sensor device 1 which functions as a
gyro sensor is built-in in the personal computer 1100.

FIG. 8 is a perspective view illustrating a configuration of
a mobile phone (including a PHS) to which the electronic
apparatus of the invention is applied.

In this figure, the mobile phone 1200 has a plurality of
operation buttons 1202, an ear piece 1204 and a mouth piece
1206, and a display section 100 is disposed between the
operation buttons 1202 and the ear piece 1204.

The aforementioned sensor device 1 which functions as a
gyro sensor is built-in in the mobile phone 1200.

FIG. 9 is a perspective view illustrating a configuration of
a digital still camera to which the electronic apparatus of the
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invention is applied. In addition, in this figure, a connection
between the camera and an external apparatus is briefly illus-
trated.

Here, the silver halide photographic film is exposed to form
the optical image of an object in a normal camera, whereas the
digital still camera 1300 photoelectric-converts the optical
image of an object and generates an imaging signal (image
signal) by the imaging device such as a CCD (Charge
Coupled Device).

In the digital still camera 1300, a display section is pro-
vided in the rear surface of the case (body) 1302 and performs
a display based on the imaging signal by the CCD. The
display section functions as a finder that displays the object as
an electronic image.

Further, a light receiving unit 1304 including an optical
lens (imaging optical system), a CCD, and the like is provided
in the front surface side of the case 1302 (rear surface side in
the figure).

The photographer confirms an object image displayed on
the display section, and if the photographer presses a shutter
button 1306, the imaging signal of the CCD at that moment is
transmitted and stored in the memory 1308.

Further, in the digital still camera 1300, a video signal
output terminal 1312 and an input and output terminal for data
communication 1314 are provided in the side surface of the
case 1302.

Then, as shown in the figure, a television monitor 1430 and
a personal computer 1440 are respectively connected to the
video signal output terminal 1312 and the input and output
terminal for data communication 1314 as necessary. Then, by
a predetermined operation, the imaging signal stored in the
memory 1308 is output to the television monitor 1430 and the
personal computer 1440.

The aforementioned sensor device 1 functioning as a gyro
sensor is built-in in the digital still camera 1300.

In addition, in addition to the personal computer (mobile
personal computer) in FIG. 7, the mobile phone in FIG. 8, the
digital still camera in FIG. 9, the electronic apparatus of the
invention may be applied to, with the kind of the electronic
device, for example, a vehicle body attitude detection appa-
ratus, a pointing device, a head-mounted display, an ink-jet
type ejection device (for example, an ink jet printer), a per-
sonal laptop computer, a TV, a video camera, a video tape
recorder, a navigation device, a pager, an electronic organizer
(also with communication function), an electronic dictionary,
a calculator, an electronic game device, a game controller, a
word processor, a workstation, a videophone, a television
monitor for security, an electronic binoculars, a POS termi-
nal, a medical equipment (for example, an electronic ther-
mometer, a blood pressure gauge, a blood glucose meter, an
electrocardiogram measuring device, an ultrasonic diagnos-
tic apparatus and an electronic endoscope), a fish finder, vari-
ous measuring instruments, gauges (for example, gauges ofa
vehicle, an aircraft and a ship), a flight simulator.

Hitherto, the electronic device and the electronic apparatus
of the invention have been described based on the illustrated
embodiment, but the invention is not limited thereto. Further,
the configuration of each part may be replaced with any
configuration which has a similar function, and any configu-
ration may be added thereto.

Further, the electronic device of the invention may be a
combination of configurations (features) of any two or more
out of each embodiment.

Further, in the aforementioned embodiment, a case where
the sensor element is supported in the package through the
supporting member configured of the TAB tape has been
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described as an example, but without being limited thereto,
for example, the sensor element may be directly supported
with respect to the package.

Further, in the aforementioned embodiment, the case of
using the double T type sensor element has been described as
an example, but without being limited thereto, the sensor
element (gyro element) may be a bipod tuning fork, H type
tuning fork, a tripod tuning fork, or various gyro elements
such as a comb type gyro element, an orthogonal gyro ele-
ment, and a prismatic gyro element.

Further, in the aforementioned embodiment, a case where
the mounting component provided in the base of the package
with the spacer interposed therebetween is the IC chip has
been described as an example, but without being limited
thereto, for example, the mounting component may be a
sensor element.

Further, in the aforementioned embodiment, a case where
the IC chip and the sensor element are disposed to overlap in
the plan view has been described, but even in the sensor
device in which the IC chip and the sensor element are dis-
posed and aligned in the plan view, the effect of the invention
(miniaturization of sensor device, and prevention of the
decrease in the mechanical strength of the package) may be
achieved.

The entire disclosure of Japanese Patent Application No.
2012-096954, filed Apr. 20,2012 is expressly incorporated by
reference herein.

What is claimed is:

1. An electronic device comprising:

a mounting component;

a package which includes a base in which the mounting
component is provided and houses the mounting com-
ponent, the base has a main surface and a bottom surface,
the base having a through hole provided from the main
surface to the bottom surface in a position that overlaps
with the mounting component in a plan view;

a spacer which is provided between the mounting compo-
nent and the base;

a circular projection wall which is provided on the main
surface of the base and which surrounds the through hole
in the plan view;

a plurality of projection walls which are provided on the
main surface of the base of the package, the plurality of
projection walls overlapping with the mounting compo-
nent in the plan view and being spaced apart from each
other, wherein

the plurality of projection walls and the spacer create an air
communication between the through hole and an inner
space of the package,

the plurality of projection walls are provided at an interval
in a circumferential direction of the through hole in the
plan view,

aheight ofthe circular projection wall is lower that a height
of'the spacer, and spacer,
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aheight of each ofthe plurality of projection walls is higher
than the height of the spacer,
the plurality of projection walls include a first wall portion
that is configured of a plurality of wall bodies that are
provided at an interval in the circumferential direction of
the through hole in the plan view, and a second wall
portion that is provided inside the first wall portion and
is configured of a plurality of wall bodies that are pro-
vided at an interval in the circumferential direction of the
through hole in the plan view,
at least one of the wall bodies of the first wall portion and
the wall bodies of the second wall portion is disposed in
a radius direction centered on the through hole in the
plan view of the base, and
the circular projection wall and the plurality of projection
walls overlap to each other in directions parallel to the
main surface of the base.
2. The electronic device according to claim 1, wherein
the plurality of projection walls overlap to each other in any
directions perpendicular to a direction of the plan view.
3. The electronic device according to claim 2, wherein
atleast one of the plurality of projection walls is configured
of a metal layer, and
the mounting component is bonded to the at least one of the
plurality of projection walls through an adhesive agent.
4. The electronic device according to claim 1, further com-
prising:
an adhesive which is provided between the mounting com-
ponent and the spacer to fix therebetween.
5. The electronic device according to claim 4, wherein
the height of the circular projection wall is in a range of %3
to % of the height of the spacer.
6. The electronic device according to claim 1,
wherein the mounting component is an IC chip.
7. The electronic device according to claim 6, wherein
in the IC chip, a surface on a side opposite to an active
surface is fixed to the base with the spacer interposed
therebetween.
8. The electronic device according to claim 6, further com-
prising:
a sensor element which is housed in the package,
wherein the IC chip has a function of driving the sensor
element.
9. The electronic device according to claim 7, further com-
prising:
a sensor element which is housed in the package,
wherein the IC chip has a function of driving the sensor
element.
10. The electronic device according to claim 1, wherein
the circular projection wall is in an annular shape that
surrounds an entire circumference around the through
hole in the plan view.
11. An electronic apparatus comprising the electronic
device according to claim 1.
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